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Abstract：The pipelines corrosion can result discolor and particle increase in tap water and the complaints from 
the consumers. It also has the economic and hydraulic impacts for the replacement of broken pipes and fouling 
of corroded pipes. This paper aimed to investigate the effect of processed drinking water on metal pipe corrosion 
in water distribution system and the relations between the bulking water quality and pipe corrosion. It was found 
that there is a close relation between iron corrosion and water quality parameters in water distribution pipelines. 
It was shown that lower pH and alkalinity can increase the corrosion rate, while higher chlorides and sulfate may 
cause pitting corrosion. DOC in pipe water would be beneficial for microbial induced corrosion. 
Key Words：Water distribution system; drinking water quality; iron corrosion; chemical stability; microbial 
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1. Introduction 
  
Because of the complicated biochemical reaction between the bulking pipe water and the pipe surface, the 
treated water meeting the standards for drinking water quality can’t always guarantee the water chemical 
stability and results from the occurrence of discolor and sand particles in tap water and the complaints of 
customers on water quality. The pipelines corrosion have been investigated for years since the corrosion has 
economic, hydraulic and aesthetic impacts, including water leaks, corrosion scales formation, and water quality 
deterioration[1]. An increase in turbidity, Fe concentration, quick decay of disinfectant residual and sometimes 
even appearance of unpleasant smell or color of water may result from the corroded system[2-4]. Iron corrosion 
is also the primary factor controlling biofilm growth. 
 The mechanism of iron corrosion processes can be a series of electrochemical or/ and microbial reaction 
occurring at the metal surface in contact with bulking water[5-7]. The metal is converted into ferrous solids (e.g. 
Fe(OH)2) which may then be converted to ferric solids (e.g. Fe(OH)3) after reaction with oxygen. This complex 
process is believed to be influenced by many parameters of the bulking water: oxygen, pH, alkalinity, chloride 
and sulfate, water temperature, disinfectant residual, NOM, etc.[8-11]. Biodegradable dissolved organic carbon 
(BDOC) and assimilated organic carbon (AOC) are stated to be responsible for microbiological 
corrosion[12,7,10].  
 The chemical stability indexes were proposed to demonstrate the corrosiveness and aggressiveness of the 
water to cement and iron pipelines[13-15]. Langelier took the effect of pH, alkalinity, hardness and dissolved 
solids into account to study the equilibrium of calcium carbonate in water. By calculating the pHs of water 
according to standard methods for examination of water and wastewater, Langelier Saturation Index can indicate 
whether calcium is tend to precipitate or dissolve. LSI has its own shortage and sometimes gives wrong 
judgments. Ryznar modified LSI and proposed new index: RSI. Nowadays, LSI and RSI are combined to reveal 
the chemical stability of drinking water[16]. There also exist many other indexes to evaluate the water 
corrosiveness to water distribution pipelines: Larson Ratio (LR) was aimed to demonstrate the water 
corrosiveness to iron pipes, and AI was used to illustrate the aggressiveness to iron pipe with cement mortar 
lining. However, there are some controversy to these indexes and they are hard to be applied worldwide[16]. It 
was suggested that the limitation should be regularized according to the local conditions. 
 In this study, we aimed to find the changing rule of water quality while finished water was distributed through 
the pipelines and the correlations between the bulking water quality and pipe corrosion by establishing a model 
with the help of statistics software. The correlations between the quality parameters and iron content can give an 
insight to formulate the chemical stability indexes adaptable to local distribution systems. 
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2. Experimental method 
2.1 Water samples collection 
 Two large distribution system supplied by two water treatment plants and producing water from the same 
surface source water of Huangpu River were investigated for the bulking water quality. The first plant uses the 
conventional process of coagulation and sedimentation with aluminum sulfate, sand filtration and disinfection 
with sodium hypochlorite. The second plant treats the same source water by coagulation and sedimentation with 
PACS, sand filtration, ozone oxidation and biological activated carbon process and disinfection with sodium 
hypochlorite. Fourteen different sampling points were selected along the two main pipelines of the two 
distribution systems, 8 from the first water treatment plant supply system and 6 from the second water supply 
system. Most of the pipes in the distribution system are made of nodular cast iron with cement coating, while the 
rest of the pipes are aged cast iron pipes and plastic pipes. These sampling points are shown in Fig. 1. These 
water samples were collected and tested seven times during a seven-month sampling period from July 2009 to 
January 2010.  
    
Figure 1 Sampling points in water distribution system (A: area by first plant; B: area by second plant) 
2.2 Water quality analyses 
Water sample pretreatment and analyses were undertaken in a certified laboratory using Chinese standard 
methods according to Standards for Drinking Water Quality (GB 5750-2006). The parameters of pH, turbidity 
and total chlorine residual were tested just after the sample collection.  
  The Langelier Saturation Index (LSI), the Ryznar Stability Index (RSI) and the Larson Ratio (LR) were used 
to evaluate the chemical stability of the bulking water in the distribution system[13-15].  
3. Results and discussion 
3.1 Water quality in the water distribution system 
 Effluent from two different water treatment plants and bulking water in the corresponding distribution 
network were sampled and tested. The results were shown in table 1 and table 2. The finished water from the 
first treatment plant has higher pH, alkalinity, DOC and lower turbidity, sulfate and iron content than from the 
second treatment plant. Further investigations revealed that water coagulated with aluminum sulfate had higher 
sulfate content, lower pH and alkalinity than water treated with PACS.  
 Results in table 1-2 reveals the same changes in water quality from finished water to pipe water in both 
distribution networks. In the bulking water, pH, alkalinity, total chlorine residual and sulfate were lower than 
them in finished water. The hardness was similar in these water samples, while there was an increase in turbidity, 
chlorides, DOC and iron ions during the water distributing. Langelier Saturation Index (LSI), Ryznar Stability 
Index (RSI) and Larson Ratio (LR) of these water samples show great aggressiveness and corrosiveness to the 
cast pipe with cement coating (RSI>8.00, LSI<0.00 and LR>0.50). It can be found that the effluent water quality 
from waterworks determined the water chemical stability in the water distribution system. 
In table 1 and table 2, Pipe water carries higher suspended solid particles and iron than finished water. Some 
samples have an iron content up to 0.3 mg/L, which is above the limitation quoted from Standards for Drinking 
Water Quality (GB 5749-2006). The corroded iron pipes are the main source of the extra iron content in pipe 
water. Since all the bulking water samples contain much higher iron than finished water, there exists a common 
corrosion phenomenon in the distribution pipeline. The corrosion scales attached to the inner wall was released 
A 
B 
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while water flush the pipe continuously, causing an increase of iron content and turbidity in pipe water. 
 
Table 1. Water quality in the distribution system supplied by the first treatment plant (average values) 
Parameter Effluent Location 
1 
Location 
2 
Location 
3 
Location 
4 
Location 
5 
Location 
6 
Location 
7 
Location 
8 
pH 7.19 7.18 7.13 7.11 7.10 7.16 7.09 7.10 7.07 
Turbidity[NTU] 0.09 0.22 0.25 0.27 0.24 0.35 0.43 0.35 0.26 
Alkalinity 
[mg·L-1] 
85.95 84.54 84.24 85.04 85.27 85.95 85.52 83.54 84.36 
Hardness 
[mg·L-1] 
209.56 205.25 206.16 208.42 209.74 211.46 211.38 208.72 210.60 
Chlorine 
Residual 
[mg·L-1] 
2.06 1.49 1.29 0.79 1.04 0.72 0.21 0.33 0.60 
Cl- [mg·L-1] 76.52 78.25 79.65 80.65 79.58 80.12 79.74 79.61 80.70 
SO42- [mg·L-1] 90.90 89.96 87.55 89.18 88.41 86.61 90.64 89.10 87.82 
DOC [mg·L-1] 5.57 5.83 5.96 5.67 5.74 5.76 5.85 5.75 5.71 
Fe [mg·L-1] 0.05 0.07 0.15 0.14 0.15 0.15 0.17 0.15 0.11 
RSI 8.09 8.19 8.22 8.21 8.20 8.15 8.15 8.19 8.22 
LSI -0.45 -0.51 -0.55 -0.55 -0.55 -0.50 -0.53 -0.55 -0.58 
LR 1.87 1.87 1.91 1.96 1.94 1.93 1.95 1.98 1.95 
 
Table 2. Water quality in the distribution system supplied by the second treatment plant (average values) 
Parameter Effluent Location 
9 
Location 
10 
Location 
11 
Location 
12 
Location 
13 
Location 
14 
pH 6.98 6.98 6.99 6.95 6.96 6.95 6.95 
Turbidity[NTU] 0.32 0.31 0.39 0.63 0.39 0.50 0.61 
Alkalinity 
[mg·L-1] 
76.21 74.33 75.45 75.93 77.07 74.68 76.92 
Hardness 
[mg·L-1] 
209.94 207.06 206.58 209.09 208.59 210.60 207.44 
Chlorine Residual 
[mg·L-1] 
1.61 1.60 1.47 0.73 1.15 0.53 0.30 
Cl- [mg·L-1] 77.07 78.16 78.56 79.30 79.30 80.13 77.74 
SO42- [mg·L-1] 105.84 101.54 99.74 102.40 104.63 106.43 105.65 
DOC [mg·L-1] 4.97 5.53 5.26 5.25 5.24 5.74 5.32 
Fe [mg·L-1] 0.11 0.22 0.23 0.27 0.23 0.32 0.29 
RSI 8.21 8.35 8.50 8.46 8.33 8.45 8.37 
LSI -0.62 -0.69 -0.76 -0.76 -0.69 -0.75 -0.71 
LR 2.18 2.22 2.24 2.30 2.21 2.34 2.23 
 
 The pH in bulking water is much lower than that of finished water, showing a descending trend along the 
distribution network. Taking the distribution network supplied by the first treatment plant as example, there was 
an obvious descending trend in the pH of water from water plant to location 4. This can also be found in pipe 
water from location 5 to 8. The pH decrease in the pipe water can be explained by chloramines decay and carbon 
dioxide dissolving. Other studies demonstrated the relationship between pH and iron corrosion. Génin et 
al.[17]and Refait et al.[18] proposed the scheme of “green rust” formation, showing that the water pH decreased 
during the rust formation. Tuovinen et al.[19]reported a significantly lower pH in tubercles interior and the 
oxidation of iron is recognized as one of the main mechanisms of water acidification. 
 The same descending trend can also be found in the alkalinity, but the trend is less obvious than that of water 
pH. The positive correlation between pH and alkalinity shows that the decrease in water pH makes carbonate and 
bicarbonate more unstable. It should be mentioned that there are three pumping stations with several cement 
reservoirs sited between Location 4-5, 11-12 and 13-14. Water stagnancy in the cement reservoirs may cause 
alkaline component dissolve to water. This explains well why the pH and alkalinity of pipe water increase 
uncommonly at these sampling points. 
 Hardness analysis reveals much divergent results. Some of the pipe waters contain more calcium and 
magnesium but in some other samples, fewer concentrations was detected than those in finished water. The 
Langelier Saturation Index (LSI) and the Ryznar Stability Index (RSI) show great aggressiveness and 
corrosiveness to cement coating, which might cause an increase of hardness in pipe water. However, the 
correlation between hardness and LSI or RSI is not notable. We assume that pipe water quality is not the only 
reason of the cement corrosion, other factors should be taken into account to explain the phenomenon, such as 
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water stagnancy and pipe material. 
Pipe water contains higher amounts of chlorides when compared to their concentrations in finished water. This 
might be the result of the chloramines decay and there is a positive correlation between chlorides and chlorine 
residual. 
The concentration of sulfate in pipe water samples varies with a very narrow range. Majority of sulfate values 
in pipe water are lower than those of finished water. Immobilization to the inner wall is the main reason of the 
decrease of sulfates. Taking the strong affinity of corrosion scale to sulfates into account, we could infer that the 
anions are preferentially adsorbed to build the green rusts in sulfate form. 
Pipe water also carries a higher load of dissolved organic carbon than finished water. Morton et 
al.[20]suggested that during stagnant conditions, or in anodic areas, corrosion might be a significant source of 
dissolved organic carbon produced by autotrophic iron-oxidizing and hydrogen bacteria. Also Beech and 
Gaylarde[21]stated that some kinds of organic acids (mainly acetic, formic and lactic acids) are common 
metabolic by-products released to distributed water by aerobic organic acid-producing bacteria (APB). Nawrocki 
et al.[22]found that the DOC content is much higher in static water than in flowing water. Since LDH (layered 
double hydroxides) are commonly found in corrosion scales and are labile, the destruction of the scales is 
responsible for the mix with steady water and flowing water, causing the increase of DOC 
concentration[18,23,24]. 
3.2 Relations between water quality and corrosion 
As the iron corrosion can cause an increase of Fe concentration and high iron content results in unpleasant 
color of the drinking water, Iron content is used to demonstrate the corrosion performance of the distribution 
pipelines. The Pearson correlation between iron content and other water quality parameters were calculated by 
using SPSS 14.0. The results from Table 3 reveals that there exists quite strong correlation between iron content 
and pipe water quality parameters, except the hardness. Iron content has a strong positive correlation with 
turbidity, revealing that the suspended iron particle flushed from the corrosion scales is one of the components of 
suspended solid particles. 
Table 3. The correlation between water quality and iron content 
Parameter Fe 
pH -0.823 
Turbidity 0.838 
Alkalinity -0.744 
Hardness -0.007 
Cl- 0.884 
SO42-  0.702 
DOC 0.719 
RSI 0.856 
LR 0.854 
 
The negative correlation between pH and iron content demonstrates that lower pH in pipe water can benefit the 
iron corrosion process. Compared the changes of iron content in finished water and pipe water from two 
distribution system networks supplied by two different treatment plants, water with lower pH in the second 
distributing network has a more obvious increase in iron content. Iron content of pipe water in the first network 
rise from 0.02 to 0.12 mg/L, while the increase of that in the second network is up to 0.11-0.21 mg/L. Boffardi 
[25]stated that the decrease in pH may cause an increase of iron corrosion rate. Lasheena et al.[26]assess the 
effect of stagnation time, pipe age and water quality parameters such as pH, alkalinity and chloride on iron 
release from galvanized iron pipes, by using fill and dump method. They found that more iron was released from 
the galvanized iron pipes transporting weakly acid water than those with alkaline water. Other studies also 
showed lower pH may result in higher iron corrosiveness of water. 
There also exists a negative correlation between iron content and alkalinity, which implies that carbonate and 
bicarbonate in water may lower the corrosion rate. Langlier[13]proposed that if the water with a slight high 
alkalinity, a thin film of calcium carbonate would precipitate on the surface and protect the metal from further 
corrosion. Later investigations showed that siderite also plays an important role as an intermediate in the 
formation of protective layers. Sontheimer, H. et al.[27]stated that free carbon dioxide acts as a proton donor at 
surface hydroxide sites. This increases the solubility of iron ions and stimulates iron corrosion. 
Chlorides are considered as anions that stimulate corrosion and thus their positive correlations with iron 
content can be found in this study. Baylis[28]and Tuovinen et al.[19]stated that chlorides accumulate on 
tubercular deposits as well as metal surfaces in localized pitting corrosion. The mechanism of chlorides 
destroying the passive layer has long been a research focus. Strehblow[29]proposed several possible mechanisms. 
Adsorption mechanism stated that the attachment of the aggressive anions may stimulate the breakdown of the 
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passive layer. Anions’ transferring from liquid to metal surface is regards as the rate determining step according 
to the permeable mechanism, which was detected by using modern surface physics methods, such as AES and 
XPS[30]. Since the chlorine ion has the smallest diameter and highest electronegativity, the adsorption and 
permeation is most likely to occur during the pitting corrosion. Adsorption mechanism and permeable 
mechanism can also explain the positive correlation between sulfate and iron content. The anions are tend to be 
adsorbed to build the corrosion scale in sulfate form. 
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Figure 2. Variation of iron content and RSI in the first (a) and second (b) distribution network 
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Figure 3. Variation of iron content and LR in the first (a) and second (b) distribution network 
As shown in figure 2 and figure 3, the strong positive correlation between RSI, LR and iron content reveals 
that these chemical stability indexes can indicate the water corrosion quite well. RSI combines the effects of pH, 
alkalinity, hardness and dissolved solids. Lower water pH and alkalinity stimulate the iron corrosion, which also 
form a higher RSI. LR depends on chlorides, sulfate and alkalinity. The higher LR, the higher chlorides and 
sulfate content in the pipe water, which benefit the pitting corrosion. 
As shown in table 3 and figure 4, positive correlation between DOC and iron content was found in this study, 
inferring that NOM may stimulate the iron corrosion. It seems that some types of NOM are strongly adsorbed on 
corrosion scale probably via the interaction of acidic functional groups (e.g. carboxyl) with hydroxylated oxide 
surface sites[31, 10]. Carboxylic acids are the components of DOC and are also considered as a source of 
organic carbon (AOC) easily assimilated by heterotrophic bacteria[32]. Wide availability of carboxylic acids 
confirms again favorable conditions for the microbial existence within the corrosion scale[33]. Thus this would 
be beneficial for microbial induced corrosion. The changes of NOM structures in static water provide evidence 
to the bacteria metabolism in the corrosion scales[22].  
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Figure 4 Variation of Iron content and DOC in the first (a) and second (b) distribution network 
4. Conclusions 
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Water quality changes in two different water distribution systems supplied by two different water treatment 
process were investigated and the correlations between different water quality parameters and iron corrosion 
were analyzed. Compared with the effluent water, in the distribution pipelines, water pH, alkalinity, chlorine 
residue and sulfate decreased and turbidity, chloride and DOC increased, indicating a growing corrosiveness and 
aggressiveness of the pipe water. As a result, there exists common iron corrosion in the distribution pipelines. 
The corrosion scales release cause an increase of iron content and turbidity in pipe water. The chemical stability 
indexes can indicate the water corrosiveness quite well because of their strong correlation with iron content. 
Lower pH and alkalinity were found to stimulate the corrosion rate. Higher chlorides and sulfate may be 
adsorbed and permeate through the passive layer, causing pitting corrosion. High DOC content would be 
beneficial for microbial induced corrosion. 
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